Rat T-kininogen has been separated into two molecular variants by affinity chromatography on concanavalin A (ConA): a ConA-reactive (ConA+) and a ConA-non-reactive (ConA-) fraction, from which carbohydrate chains were quantitatively released by hydrazinolysis. On the basis of high-resolution 400 MHz 'H-n.m.r. spectroscopy of the re-N-acetylated hydrazinolysates, the carbohydrate structures of the two ConA molecular variants of rat T-kininogen were established. The ConA-non-reactive species contains a single type of carbohydrate chain with the following structure:
NeuAc(cx2-6)Gal(81I4)GIcNAc/l-2)Man(acl-6) Man(fll4)GlcNAc(fil4)GlcNAcitoI NeuAc(ac2-3)Gal(f81-3)GlcNAc(,1l-2)Man(acl-3) / NeuAc(a2-6)
The ConA-reactive fraction contains the same structure and the following additional one:
NeuAc(a2-6)Gal(,81-4)GlcNAc(,l8-2)Man(a [1] [2] [3] [4] [5] [6] Man(fl8-4)IlcNAc(fll4)GlcNAcitol NeuAc(z2-6)Gal(J814)GIcNAc(,l8-2)Man(al-3)
The relative abundance of the two molecular forms is profoundly affected during inflammation (ratio ConA'/ConA-: 44% in normal and 95 % in inflamed T-kininogen), but no structural modification of the carbohydrate chains was observed.
INTRODUCION
Kininogens are multidomain and multifunctional glycoproteins containing the sequence of the vasodilator peptide bradykinin in their structure. In rat, three different kininogen species have been identified. High-M, kininogen and low-Mr kininogen are both able to generate bradykinin when hydrolysed by plasma or glandular-type kallikreins . The third kininogen species, called T-kininogen (T-Kg), which so far has only been found in the rat, is able to liberate isoleucyl-serylbradykinin or T-kinin when hydrolysed in vitro by trypsin, cathepsin D or seine esterases, but is insensitive to kallikreins. However, the putative role of T-Kg as a kinin precursor in viva remains a matter of debate. T-Kg is also a potent inhibitor of thiol proteinases [4] . Analysis of sequences obtained by cDNA cloning has revealed that T-Kg is identical with rat major acutephase protein [5, 6] , which was itself previously shown to be physicochemically and immunochemically identical with alcysteine-proteinase inhibitor [4] . T-Kg indeed increases markedly in plasma during all types of experimental inflammation [71 and after limited surgical trauma [8] . There are two closely related genes corresponding to T-Kg. All rat kininogens are therefore closely related structurally and share a large similar sequence beginning at the N-terminal part of the molecule and terminating shortly after the bradykinin sequence [9] . All rat kininogen species are synthesized in the liver as shown by the presence of corresponding mRNAs in this organ [6] .
The total carbohydrate content of T-Kg is estimated to be 15 % [4] , but no information is available on the nature of the glycans.
A detailed knowledge of the structure of the carbohydrate chains is essential since it may influence important biological properties such as stability and immunological regulation [10] . Moreover, a possible involvement of carbohydrate chains in the inflammation phenomenom could be put forward. Differences observed in the ConA affinity pattern of normal and acute inflammation proteins [10] [12] .
ConA affinity chromatography
For analytical ConA chromatography, 400,u of freeze-dried normal or inflamed rat plasma T-Kg was dissolved in 1 ml of 50 mM-Tris/HCl buffer, pH 7.8, containing 150 mM-NaCl, 1 mmCaCl2, 1 mM-MnCl2 and 0.01 % NaN3 (ConA buffer) containing 10 mg of BSA (Sigma Chemical Co.) in order to prevent nonspecific adsorption. This mixture was submitted to affinity chromatography on a ConA-Ultrogel (I.B.F.) column (1.5 cmx 11.5 cm) at a flow rate of 20 ml/h. Fractions (2 ml) were collected in polyethylene tubes containing 1 mg of BSA. The ConA-bound T-Kg was eluted by a linear gradient of 0-250 mM-methyl a-glucoside (Sigma Chemical Co.). T-Kg was assayed by direct radioimmunoassay as described previously [12] .
For preparative ConA chromatography, 5 mg of each T-Kg was dissolved in ConA buffer alone and fractionated by the same procedure. Unbound and bound fractions were separately pooled, dialysed against distilled water adjusted to pH 7.5 with aq. NH3 and freeze-dried before isolation of glycans.
Glycopeptidase F digestion of T-Kg
Normal or inflamed rat plasma T-Kg (10,g) was incubated with 2 units of glycopeptidase F (Boehringer) in 30 ,u of 0.15 Mphosphate buffer, pH 7.5, containing 20 mM-EDTA and 1 % (v/v) 2-mercaptoethanol. After 24 h incubation at 37 'C, the reaction was stopped by boiling for 5 min, after addition of 30 ,ul of PAGE sample buffer.
Samples were analysed by SDS/PAGE in reducing conditions according to the method of Laemmli [13] on 10 % (w/v) gels. Mr markers were from Pharmacia. Proteins were stained with Coomassie Blue R-250 (Kodak).
Isolation of hydrazinolysis-released oligosaccharide from T-Kg
Each ConA affinity variant, both from normal and inflamed rat plasma T-Kg, was submitted to hydrazinolysis [14] . Re-Nacetylation was carried out in saturated NaHCO3 with acetic anhydride [15] . The re-N-acetylated oligosaccharides were desalted on a Bio-Gel P-2 column (1 cm x 50 cm) (Bio-Rad Laboratories, Richmond, CA, U.S.A.); monitoring of the oligosaccharide was by measuring u.v. absorption at 206 nm. Before structural investigations, in an effort to prepare relatively homogeneous fractions, oligosaccharides released by hydrazinolysis were separated by using anion-exchange h.p.l.c. on a Micropak AX-10b m column (50 cm x 0.8 cm internal diameter; Varian) as described by Paz-Parente et al. [16] .
Briefly, disialylated compounds were eluted isocratically with a mixture of water/500 mM-KH2PO4 (pH 4.0) (19: 1, v/v), and trisialylated compounds were eluted with a mixture of water/500 mM-KH2PO4 (pH 4.0) (17:3, v/v). The eluate (flow rate 1 ml/min) was monitored at 206 nm. After the chromatography, fractions were desalted on a Bio-Gel P-2 (200-400 mesh; Bio-Rad Laboratories) column (1 cm x 50 cm) with distilled water as eluent.
Sugar analysis
Carbohydrate composition of the native protein and released oligosaccharides was determined by g.l.c. according to the method of Zanetta et al. [17] .
'H-n.m.r. spectroscopy For the n.m. 
RESULTS

ConA affinity chromatography
The ConA chromatography profiles of normal and inflamed rat plasma T-Kgs are presented in Fig. 1 . The protein is distributed in two peaks, the first one corresponding to the unbound fraction and the second one to the ConA-reactive fraction.
For normal rat plasma T-Kg, the ConA-reactive fraction 
Fractionation and characterization of T-Kg carbohydrate chain
The glycan chains of each ConA variant from normal and inflamed T-Kgs were released by hydrazinolysis followed by quantitative re-N-acetylation.
Each of the ConA fractions was further fractionated by h.p.l.c. as described in the Materials and methods section. As indicated in Fig. 3 ., the glycans from the ConA-reactive form of normal T-Kg were resolved into two peaks called FT and FIT corresponding to di-and tri-sialylated compounds respectively. viously characterized in rat haemopexin [19] , bovine glycoproteins [22] and rat serotransferrin [5] , for which identical n.m.r. spectral parameters were established. Consequently, the structures of the different glycans of normal and inflamed rat T-Kg may be established as illustrated in Fig.   4 . [26] have reported the purification of TI and TIl kininogen from inflamed rat plasma. These authors observed an increase in TII kininogen concentration during inflammation.
From a structural point of view, the most notable feature is found for the ConA-form which possesses the unit NeuAc-(a2-3)Gal(fi1-3)[NeuAc(a2-6)]GlcNAc, which was previously described for rat plasma haemopexin [19] and more recently for rat serotransferrin [27] . It should also be mentioned that the ConA+ form possesses two kinds of glycan chain. This observation does not correlate with a previous hypothesis advanced by Bayard 
